Abstract The aim of this study was to analyze the trophic structure of the polychaete assemblages found in the Campeche Bank, southern Gulf of Mexico and to examine the effect of the sediment composition on the spatial distribution of the feeding guilds. In all, 2,662 organisms belonging to 160 species and 16 feeding guilds were identified. Filter-feeders (Fabricinuda trilobata and Bispira melanostigma) dominated. Five groups of stations were defined based on feeding guilds: one, in the southwest, characterized by motile jawed burrowers (17.14% contribution); the second, from the southeast to the northwest, characterized by seven guilds (45.25%), mainly filterfeeders and surface deposit-feeders; the third, in the southwest, characterized by three guilds (42.13%), mainly discretely motile tentaculate filter-feeders and motile unarmed burrowers; group four, in the east, was characterized by sessile tentaculate filter-feeders (63.68%); and group five, in the center and to the north, was characterized by four guilds (53.69%), mainly discretely motile tentaculate filter-feeders. The variety of feeding guilds was higher in the northwest with seven guilds, and the lowest variety was found in the east and south with only one or two guilds. Contrary to the starting hypothesis, the sediment composition was not the main factor that determined the distribution of the polychaete feeding guilds. Instead, salinity and depth were more important for the spatial arrangement of the trophic groups. The feeding guilds of polychaetes proved to be more sensitive to environmental changes than density or diversity.
Introduction
The study of feeding guilds is important to understand spatial and temporal changes in benthic communities (Heip 1992; Wieking and Kröncke 2003) and parts of them such as polychaete assemblages (Paiva 1993; Muniz and Pires 1999) . Polychaete feeding guilds are based on the relationships between food particle sizes, feeding habits and the motility patterns associated with feeding (Fauchald and Jumars 1979; Pagliosa 2005) . A common assumption is that deposit-feeders are abundant in muddy habitats while suspension feeders dominate in sandy habitats (Gray 1981) . Nevertheless, besides the frequent co-occurrence of the two groups, some species can modify their trophic habits in response to food availability, and also their ability to colonize bottoms with high sediment mobility, as exemplified by some spionids . In addition, many species are not invariably associated with a single sediment type, but their trophic organization relates to factors such as organic content and granulometric characteristics of sediments (Snelgrove and Butman 1994) . Pagliosa (2005) used feeding guilds to develop an ecological and environmental impact assessment in which feeding guilds were related to environmental parameters, disturbance, availability of resources or interspecific competition. Therefore, the pattern is not universal but might be highly dependent on habitat conditions (Pinedo et al. 1997) . A fundamental question to analyze the feeding structure is how to separate species into feeding guilds. Fauchald and Jumars (1979) proposed a conceptual pattern to classify polychaete species according to their feeding features. A strong increase in studies on the diets and the biology of polychaetes in the last years has given rise to a major interest in the use of feeding guilds in studies on polychaete communities (Pagliosa 2005 ). However, the original feeding scheme by Fauchald and Jumars (1979) has remained basically the same and few studies have analyzed the significance of the complete pattern in the study of polychaetes assemblages Dauer 1984; Gambi and Giangrande 1985; Gaston 1987; Muniz and Pires 1999; Pagliosa 2005) . Despite some early criticism of the original feeding classification (Dauer et al. 1981; Dauer 1984) , it seems necessary to revive the use of this important tool for the analysis of communities and to emphasize its importance for ecological and environmental benthic studies.
In the Gulf of Mexico, polychaetes represent a key group in terms of abundance and diversity on the continental shelf (Fauchald et al. 2009 ). In the Campeche Bank, distribution and diversity of polychaetes have been shown to be mainly influenced by the sediment composition, with diversity increasing with sand content (Hernández Arana et al. 2003; Domínguez Castanedo et al. 2007 ), but studies on their trophic structure are virtually absent. Thus, the aim of this study was to analyze the changes in the species composition and feeding guilds of the polychaete assemblages in the Campeche Bank, with the hypothesis that most of the variation of the spatial distribution of the polychaete feeding guilds would be associated to the changes in sediment composition present in the Campeche Bank. That is, the feeding guilds were expected to respond to the environmental sediment gradient by the increase of the filter-feeders to the east and northeast where sediments show an increasing percentage of sand, while burrowers and surface deposit-feeders were expected to increase toward the west and south with a decreasing percentage of sand. This kind of study is relevant in a region such as the Campeche Bank where natural and anthropogenic impacts are important (Granados Barba 2001; Hernández Arana et al. 2003; Hernández Arana et al. 2005 ) and the information obtained could provide a useful tool in environmental monitoring of the area.
Methods

Study area
The Campeche Bank (18°49 0 -21°35 0 N and 91°00 0 -92°10 0 W) is located in the southern Gulf of Mexico. During the winter, it is influenced by strong winds from the north, known as ''nortes'', while in the summer, tropical storms or hurricanes from the southeast and abundant rains are common, together with the resultant river discharges. These phenomena cause seasonal changes in the physico-chemical characteristics of both the water and the sediments (Hernández Arana et al. 2005; Granados Barba et al. 2009 ). There is a gradual shift from terrigenous (west) to carbonate (east) sediments due to the absence of rivers in the east. A transitional zone with seasonally varying limits is characterized by a mixture of sediments (Yáñez Arancibia and Sánchez Gil 1983; Granados Barba 2001; Domínguez Castanedo et al. 2007 ). The Campeche Bank shows a large shelf (150 km wide) unaffected by rivers and with carbonate sediments (Fig. 1) . The establishment and distribution of the local macrobenthic fauna is influenced by all these factors (Hernández Arana et al. 2003) . The diversity of polychaetes is low in the transitional zone, influenced by the Grijalva-Usumacinta river discharge, and it is high in the east of the Campeche Bank. There are also species replacements from the terrigenous to the carbonate sediments, from lumbrinerid species in the terrigenous sediments to spionids in the transitional zone and to sabellids in the carbonate sediments (Domínguez Castanedo et al. 2007 ).
Sampling and data analysis
The biological material was collected during the ''nortes'' season (December 2001) on board the R/V ''Justo Sierra'' in 21 stations distributed in a grid in the inner continental shelf (15-49 m) of the study area (Fig. 1) . A Reineck box corer (2.5 m 2 ) was used to sample a uniform area of 0.08 m 2 per sample (with no replicates).The sediment was then sieved through a 0.5-mm mesh. The organisms were fixed with 4% formaldehyde and preserved in 70% ethanol. The polychaetes were identified to species level and transferred to the National Polychaete Collection in the Instituto de Ciencias del Mar y Limnología, Universidad Nacional Autónoma de México (CPICML-UNAM, DFE.IN.061.0598) ( Table 1) .
In this study, we followed the classification by Fauchald and Jumars (1979) which is based on a set of relationships between food particle size and composition, the mechanisms involved in food ingestion, and motility patterns associated with the feeding processes. Accordingly, polychaetes can be divided in five or six trophic categories: carnivores (C); surface deposit-feeders (S); burrowers (B); filter-feeders (F); herbivores (H); and omnivores (O). These categories combined with the three types of feeding motility [motile (M); discretely motile (D); and sessile (S)], and the three types of buccal structures used in food encounter and ingestion [jawed (J); tentaculate (T); and ''other structures'', usually sac-like pharynxes (X)], produce 22 feeding guilds that are biologically acceptable (Fauchald and Jumars 1979) .
The density (ind./0.08 m 2 ) of the polychaetes of each feeding guild was analyzed by multivariate statistical methods of ordination. The differences in density values between stations and feeding guilds were evaluated by a t-test of dependent samples. After the fourth root transformation of the data, a similarity matrix was constructed with the 21 stations and also with the 16 feeding guilds using the Bray-Curtis index. An NMDS ordination was used to analyze the relationships among the feeding guilds. The SIMPER analysis was used to determine the species contribution to the groups with the PRIMER v.5 software (Field et al. 1982; Clarke and Gorley 2001) . The distribution of the groups of the feeding guilds from the NMDS is shown on a map with the ArcView Gis 3.2 software.
A canonical correspondence analysis (CCA) using the CANOCO program (ter Braak 1988) was also carried out in order to show in a single diagram the direct interpretation of the relationships between species, stations and environmental factors. The relationship between feeding guilds and environmental variables was tested by the Monte-Carlo permutation test (Manly 1990) .
Results
Community structure
In all, 2,662 polychaetes (160 species belonging to 44 families) were collected and classified into 16 feeding guilds (Table 1) .
According to spatial variations in density and species composition, the more abundant fauna was found in shallow sandy sediments near the coast (in front of the city of (Fig. 2) . However, the t-test showed that only in station I07, the higher values observed were significantly different from other stations (t value = 1.9849, P = 0.0489), since in station I09 the higher density was mainly due to the sabellids Fabricinuda trilobata (90.2 ind./0.08 m 2 ) and Bispira melanostigma (85.6 ind./0.08 m 2 ), and in station I08 the density values were associated only with B. melanostigma (88 ind./0.08 m 2 ). On the other hand, the densities were significantly lower in shallow transitional (mixed terrigenous and carbonate) sediments from the southernmost stations: H04 (4.75 ind./0.08 m 2 ; t value = 2.71, P = 0.007) and H05 (1.6 ind./0.08 m 2 ; t value = 2.02, P = 0.0451).
Ordination analysis
The NMDS analysis based on feeding guilds (Fig. 3) , showed five main groups of stations. The first (H07 and H08 stations) was represented by the BMJ feeding guild species (17.1% average similarity) and was located to the west, in front of the Términos lagoon and subjected to the influence of the Grijalva-Usumacinta river discharges (Fig. 4) . This group included the fauna with the lowest densities and number of species, occurring at depths of 30-34 m with a sand content of 1.4-6.2%.
The second group (stations G10, G11, G12, H09, H10, H11, I06, I07, and I10) was characterized by HMJ, FDT, BMX, FST, SDT, SMT, and HDJ guilds (45.3% average similarity), thus displaying the highest variety of feeding guilds, and was located from the southeast toward the north (Fig. 4) in depths of 15-49 m, with an average of 58.5% in sand content.
The third group (H04, H05, I12, and K12) was characterized by FDT, BMX, and SDT guilds (42.1% average similarity); this group was split: one part in the southwest and the other in the northeast (Fig. 4) , in shallow depths (15 m) near the coastline with 6.3-97.1% of sand.
The fourth group (I08 and I09) was characterized by the FST guild (63.7% average similarity) and was located to the east of the study area (Fig. 4) , in front of the city of Campeche, in shallow sandy bottoms (16.5 m; 95% sand). The fifth group (H06, H12, I12, and J12) was characterized by FDT, CMJ, BMX, and HMJ guilds (53.7% average similarity). This group corresponded to the stations found toward north (Fig. 4) The arrangement of the stations in the NMDS analysis in the study area, showed that no clear distribution pattern emerges that can be attributed to the feeding guilds (Fig. 4) . The dominating guild, constituted by the filterfeeders, was the only guild to show a trend. The FST guild (301.7 ind/0.08 m 2 ) was more abundant in group 4, located to the east of the study area; its density decreased to the west as shown in Fig. 3 . The FDT guild (62.6 ind/0.08 m 2 , present in 85.7% of the stations) was more abundant in group 5, located to the north, and its density decreased to the east and south of the Bank. So, the sessile and discretely motile filter-feeders decreased toward west and south of the Campeche Bank. In the remaining guilds, lower density values were observed and their distribution was heterogeneous across the Campeche Bank.
The correlation of feeding guilds to environmental data, according to the canonical analysis, was 0.82 for the first axis and 0.74 for the second axis. The Monte-Carlo test was significant (P = 0.04) and only the first two axes were analyzed, explaining 78.8% of the variation of the feeding guilds by the effect of the environmental variables. The spatial variations in the distribution of the feeding guilds were not significantly associated with the sediment composition. A significant correlation was found, however, with salinity (0.77) and depth (0.69) in the first axis of the CCA, while pH (0.57) and sand percentage (0.38) were significant in the second axis. Salinity (-0.92), temperature (0.73), and oxygen (0.73) variations were clearly correlated to depth. Most of the feeding guilds (CMX, HMJ, HDJ, BMX, BSX, SST, SMT) were distributed in deeper environments with medium values of salinity and sand in the northwest of the study area (Fig. 5) . On the other hand, the FST and CDJ guilds were found in shallow stations with high salinity, organic carbon content, and sand content from the northwest to the east, while the CMJ, FDT, and SDT guilds were located in deeper stations with medium values of salinity and sand from the center to the northwest. The FSP and BMJ guilds were found in deep stations with low salinities, high pH, and muddy bottoms in the west of the Bank. The HMX guild dominated in the deep stations with low salinity and muddy sediments, but contrary to FSP and BMJ, it was distributed in zones with the lowest levels of pH, mainly in the center and north. Then, the filter-feeders showed an ability to tolerate a wider range of changes in environmental conditions, while both the sessile and discretely motile were present only in habitats with at least 7% sand and clearly dominated in sediments with greater than or equal to 50% of sand, to the northwest and east of the Bank. The sessile pumping filter-feeders were present only in deep, muddy sediments with high pH values (station H09). The carnivores also tolerated a wide range of environmental conditions and were located in several regions of the Campeche Bank. The motile jawed carnivores preferred average depths (25 m), while the motile unarmed preferred deeper stations, both in low salinities and average to low sand content of the sediments. The discretely motile jawed carnivores, on the contrary, preferred the shallow stations with high salinity values. The motile and discretely motile jawed herbivores tolerated average depths, low salinities, low pH values and low sand percentage. The unarmed motile herbivores tolerated high depths and sand content. On the other hand, the subsurface deposit-feeders do not seem to tolerate significant changes in environmental conditions, and the same probably applies to the burrowers, which occurred only at average depths with low salinities and low sand content in the sediments. 
Discussion
According to Snelgrove et al. (1997) , polychaetes in any benthic community display a wide range of feeding types, although in most soft-bottom communities, suspension (filter-feeders) and deposit-feeders (surface deposit-feeders and burrowers) dominate. In this study the filter-feeders, sessile and discretely motile, tentaculate organisms (FST, FDT) were the most abundant and frequent, although there was also a remarkable contribution of the motile jawed burrowers (BMX) guild. In the Campeche Bank, the highest variety of feeding guilds was found to the northwest where high diversities of polychaetes had already been reported. In contrast, the lowest variety of feeding guilds was found in the southwest of the Campeche Bank where polychaete species diversity is low (Domínguez Castanedo et al. 2007 ).
Contrary to our expectations, the sediment type was not the main factor influencing the distribution of the feeding guilds in the Campeche Bank. Basically, it was depth that determined the distribution of the feeding guilds even though the range analyzed was only 15-49 m. The variables correlated with depth, mainly salinity and secondarily temperature and oxygen, were also important for the changes in trophic structure. The highest variety of feeding guilds at the deepest stations can be linked to the relative stability of the water-sediment interface found at greater depths (Paiva 1993) . As also stated by Fauchald and Jumars (1979) , found that sessile organisms were generally associated with less dynamic and more stable sediments encountered in the deepest environments. Actually, this pattern was also observed in the Campeche Bank, where the FSP and FDT guilds (sabellids and spionids) were very abundant at the deepest stations, located in the middle and outer shelf, which are relatively far from the Grijalva-Usumacinta river discharges. According to Muniz and Pires (1999) , the river discharges with their input of terrigenous sediments and suspended particulates obstruct the feeding structures of filter-feeders. Besides, the considerable extension of the continental shelf allows the seasonal upwelling water to remain in the shelf along the euphotic zone for a longer time (Merino 1997) , supporting the settling of the filtering species.
High densities of burrowers and surface deposit-feeders were expected to occur close to the Grijalva-Usumacinta discharges in the muddy sediments, but subsurface depositfeeders as well as tentaculate, motile, discrete motile, and motile unarmed burrowers were also very abundant at sandy stations in the center and to the east of the Campeche Bank. In these zones, high values of organic carbon content were registered, although the sediment was coarse, because of the high quantity of organic matter discharged by the Grijalva-Usumacinta river, which is the second major river in the Gulf of Mexico (after the Mississippi river) with a discharge of 4,402 m 3 s -1 (Yáñez Arancibia and Day 2004) . This organic matter is transported to the east of the Bank by the main current present during the ''nortes'' season. The local circulation pattern is from east to west along the coastline and due to the shallow and extended nature of the continental shelf low hydrodynamics prevail in the Campeche Bank (Salas de León et al. 1992 ) which favor the deposition of the organic carbon in shallower stations in the east. This pattern creates an environment suitable for surface deposit-feeders and burrowers in the eastern sandy stations as also mentioned in other studies (Gambi and Giangrande 1985; Muniz and Pires 1999) .
The polychaete feeding guilds represent a fine tool that is more sensitive to detect environmental changes than are density and diversity values, particularly when the guilds are influenced by environmental factors other than sediment type.
The original scheme proposed by Fauchald and Jumars (1979) has remained so far almost unchanged, but adding the omnivore guild to the feeding modes, as suggested by Cheung et al. (2008) , may improve the analysis of trophic patterns in the benthic environments. There are some species that can change their feeding mode depending on the availability of resources (Lindsay and Woodin 1995; Hentschel and Larson 2005) . In the Campeche Bank, for example, Scoletoma verrilli, one of the most abundant species of the region, has the capacity to exploit different food resources as herbivore, carnivore or motile jawed burrower.
Although the use of polychaete feeding guilds in the analysis of community structures has encountered some objections, we agree with the conclusions of Pagliosa (2005) , considering the use of these guilds a suitable tool to analyze polychaete assemblage patterns. Just as the community structure of polychaetes can reflect the condition of the environment, the same applies to feeding guilds, because they are dependent on the environmental variables (Pagliosa 2005) and not only or mainly on sediment type.
